INTRODUCTION
============

Biological markers of inflammation have long been used for the diagnosis and monitoring of various diseases such as infection, tissue damage, neoplasm and inflammatory rheumatic disease. Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), both major acute phase reactants, are well-known indicators of disease activity. Measurement of their levels are clinically helpful for evaluating the disease status in patients with various rheumatic diseases, but their role is sometimes limited because of their lack of specificity.

Serum amyloid A (SAA), a kind of apolipoprotein, is one of the acute phase proteins and is primarily synthesized in the liver by activated monocytes and macrophages.[@B1] Previous studies have shown that *in vivo* concentrations of SAA can be dramatically increased (up to 1000-fold) in plasma during acute inflammatory conditions, and its increase is as greatly amplified as CRP level.[@B2],[@B3] This dramatic induction of SAA in response to pro-inflammatory stimuli is due largely to the synergistic effects of cytokine signaling pathways, primarily those of the interleukin (IL)-1, IL-6 and tumor necrosis factor (TNF)-α.[@B4],[@B5] Several studies about the relationship between the SAA level and disease activity have been reported repeatedly, and in some rheumatic diseases such as rheumatoid arthritis (RA), polymyalgia rheumatica (PMR) and sarcoidosis, the value of SAA is estimated as being a highly useful indicator of disease activity and therapeutic monitoring.[@B6]-[@B9]

In ankylosing spondylitis (AS), clinical assessment of disease activity and response to treatment is complex and difficult. Although the two traditional markers of acute phase response, ESR and CRP, have been used for assessment, they may not often correlate with the patient\'s symptoms or radiologic progression. Thus, it is important to find more sensitive and specific surrogate markers that can more accurately reflect disease activity.

Therefore, in order to evaluate the usefulness of SAA as an indicator of disease activity, we determined the levels of SAA in patients with AS and investigated whether its levels correlated with AS disease activity.

MATERIALS AND METHODS
=====================

Study subjects
--------------

This cross-sectional study was conducted involving 38 patients (26 men and 12 women; mean age, 29.6 ± 10.7 years) who fulfilled the modified New York criteria for the classification of AS.[@B10] Thirty-eight age- and sex-matched healthy control subjects (25 men and 13 women; mean age, 30.1 ± 8.7 years) were also enrolled. All patients were seen at Yonsei University Medical Center, Seoul, Korea, from December 2002 to June 2003. We excluded patients who had a medical or surgical illness such as recent infection, trauma and/or a neoplastic disease, in order to remove other confounding factors affecting SAA level.

Clinical and laboratory measurements
------------------------------------

We measured the validated clinical criteria from the AS assessment working group for disease activity, Bath Ankylosing Spondylitis Disease Activity Index (BASDAI),[@B11] which is a reliable, self-administered instrument focusing on fatigue, axial pain, peripheral pain, enthesopathy and morning stiffness in all patients with AS. At the time of clinical measurements, blood samples were obtained from both patients with AS and the controls. Samples were immediately centrifuged and stored at -70℃ until analysis. SAA levels were quantitatively measured by immunonephelometry using an N-Latex SAA reagent (Dade Behring Inc., Marburg, Germany) and the Equil Nephelometer-Analyzer (Behring Co., Behring, Germany) according to the manufacturer\'s protocol. Precision testing of SAA was performed using the National Committee on Clinical Laboratory Standards (NCCLS) EP15-P protocol guideline.[@B12] The within run and total precision coefficients of variation were 3.4% and 3.5%, respectively, and the reference range for SAA levels was defined as less than 6.4 mg/L. Serum ESR was measured using the modified Westergren method (reference range \< 15mm/hr in men and \< 20mm/hr in women), and CRP levels were measured by immunonephelometry (BN-II nephelometer; Dade-Behring, Marburg, Germany, reference range \< 0.8 mg/dL) in the patients with AS.

Statistical analysis
--------------------

All statistical analyses were performed using the SPSS software package (for Windows, Version 11.5, SPSS Inc, Chicago, IL, USA). All data are shown as mean ± standard deviation, and biochemical data represent duplicate measurements. The results were analyzed using the independent t-test and chi-square tests as appropriate, and correlations were evaluated using Pearson\'s correlation test. A *p*-value less than 0.05 was considered statistically significant.

RESULTS
=======

Characteristics of study subjects
---------------------------------

The baseline characteristics of the study subjects are summarized in [Table 1](#T1){ref-type="table"}. Mean age and men-to-women ratio did not differ between patients with AS and the controls. All patients with AS had sacroiliitis proven by radiograph. Peripheral arthritis, Achilles\' tendonitis, uveitis, inflammatory bowel disease, and renal amyloidosis were found in 27 (71.1%), 14 (36.8%), 9 (23.7%), 1 (2.6%) and 1 (2.6%) patients with AS, respectively. Thirty-seven (97.4%) patients with AS were on non-steroidal anti-inflammatory drugs (NSAIDs), and 14 (36.8%) patients were on NSAIDs and sulfasalazine. The one remaining patient was on corticosteroids for renal amyloidosis.

SAA in AS patients and controls
-------------------------------

All control subjects had normal SAA levels, and their mean SAA level was 2.73 ± 1.57 mg/L. Patients with AS had increased SAA levels, with a mean value of 9.52 ± 7.49 mg/L. Patients with AS had significantly higher mean SAA levels than controls (*p* \< 0.05) ([Fig. 1](#F1){ref-type="fig"}).

SAA and disease activity
------------------------

In patients with AS, SAA levels showed significant correlations with BASDAI scores (r = 0.431, *p* = 0.007, [Fig. 2A](#F2){ref-type="fig"}), ESR (r = 0.521, *p* = 0.001, [Fig. 2B](#F2){ref-type="fig"}) and CRP levels (r = 0.648, *p* \< 0.001, [Fig. 2C](#F2){ref-type="fig"}). Additionally, the correlation between ESR and CRP levels also appeared to be significant (r = 0.703, *p* \< 0.001, [Fig. 2D](#F2){ref-type="fig"}). However, the presence of peripheral arthritis, Achilles\' tendonitis and uveitis were not significantly associated with SAA levels, and differences in medications did not affect SAA levels, either.

Twenty of 38 patients (52.6%) had increased SAA levels, but the remaining 18 patients (47.4%) had normal SAA levels. The mean BASDAI score of those with normal SAA levels was 4.4 ± 1.5, and the mean score of those with increased SAA levels was 5.6 ± 1.3. The mean BASDAI score of patients with increased SAA levels was significantly higher than that of patients with normal SAA levels (*p* \< 0.05). Particularly, of the 20 patients with increased SAA levels, 16 (80%) patients had a normal ESR, and nine (45%) had normal CRP levels. All patients who had normal CRP levels also had a normal ESR. Mean BASDAI scores of those with a normal ESR and CRP levels were 5.39 and 4.78, respectively, which indicate non-negligible inflammatory burdens. The mean SAA levels in these patients were 13.7 ± 6.2 mg/L and 10.9 ± 5.2 mg/L, respectively. Although statistical significance was not found, SAA levels showed a trend of positive correlation with BASDAI scores in these patients ([Fig. 3A and B](#F3){ref-type="fig"}).

DISCUSSION
==========

AS is one of the chronic inflammatory rheumatic diseases that primarily involves the axial skeleton and peripheral joints. Besides skeletal involvement, disabling extra-articular manifestations, including inflammatory bowel disease, uveitis and amyloidosis, can occur.[@B10],[@B13] For the past several decades, the management of this disease has been largely restricted to the use of NSAIDs and so-called disease-modifying drugs.[@B14]-[@B16] However, recent trials of biologic agents like anti-TNF therapy have demonstrated effectiveness in relieving symptoms and controlling disease activity.[@B16]-[@B18] In addition, the effect of these agents on extra-articular manifestations and radiographic progression has now been investigated intensely.[@B19],[@B20] Thus, appropriate monitoring of disease activity in order to guide the therapeutic modalities is crucial to reduce or prevent further complications and disease progression. However, the surrogate markers most appropriate for this purpose are lacking in AS, and the discrepancy between patient\'s symptoms and laboratory markers is often encountered in clinical practice.[@B11],[@B21] This study was based on the fact mentioned above, and the supposition that SAA, a sort of acute phase protein, can be considered as a useful activity marker in AS. We evaluated SAA production in the serum of patients with AS as compared to controls, and investigated the relationship between SAA and previously established disease activity indicators. As a result, we found that SAA levels of patients with AS were significantly higher than in the control patients and showed significant positive correlations with both clinical and laboratory parameters reflecting the inflammatory burden of AS. These findings indicate a usefulness of SAA measurement for monitoring disease activity. In particular, significant elevations of both SAA levels and BASDAI scores were noted in those with normal ESR and CRP levels, and SAA levels and BASDAI scores showed a trend of positive correlation with one another in these patients. These findings may suggest that SAA can be used as a more sensitive laboratory marker than ESR or CRP for monitoring disease activity of AS. To confirm the superiority of SAA to other acute phase reactants, further investigations involving a large number of subjects would be needed.

According to previous studies regarding the clinical markers in RA, SAA is massively produced through the signaling pathways of pro-inflammatory cytokines such as IL-1β, IL-6 and TNF-α, and its level is more sensitive than CRP.[@B6],[@B21]-[@B23] Other reports on PMR suggested that serum SAA is more predominant than ESR or CRP with regard to sensitivity and specificity, respectively, and its level can reflect the disease activity effectively.[@B8],[@B24],[@B25] But, in AS, SAA has not been studied as extensively as in RA or PMR, and we could find only a few studies investigating the association between SAA and disease activity of AS.[@B21],[@B26],[@B27] One of these studies reported that SAA levels in patients with AS correlated well with BASDAI scores, and that ESR and CRP levels seem to be a good indicator of disease activity.[@B21] Our results were also similar to those previously reported, but we tried to identify the superiority of SAA to ESR or CRP in determining the extent of AS disease activity. Some research concerning the acute phase proteins revealed that both SAA and CRP are produced in the liver, but serum levels of the former depend on a larger number of pro-inflammatory cytokines than the latter.[@B8],[@B28]-[@B30] Consequently, we can guess that there is a possible difference between SAA and CRP in reflecting disease activity, and this phenomenon originated not only from the facilities of synthesis by their own structural properties, but also the types and amounts of cytokines participate in the production.

It has been reported that SAA has an influence on the pathogenesis of several diseases such as inflammatory arthritis, infection, neoplasia, atherosclerosis (by means of both pro- and anti-inflammatory activities, and by changing the cholesterol metabolism and transport).[@B31]-[@B33] Moreover, SAA can cause secondary amyloidosis, derived from deposits of amyloid fibrils and plaques in specific organs.[@B33] The precise mechanisms involved in amyloid formation and deposition are poorly understood, but amyloidogenic factors like incomplete proteolysis of SAA or both initiation and growth of amyloid fibrils by macrophage have been proposed.[@B33],[@B34] Even though the role of SAA in amyloidogenesis still remains unclear, it is certain that high concentrations and long exposure of SAA in serum are the most important pathogenic factors.[@B21],[@B33] In the present study, one of patients with AS had renal amyloidosis confirmed by renal biopsy. Although this patient had much higher SAA levels than that of controls, interestingly, the level did not differ from the mean SAA level of other patients with AS. The reason for this observation is not clear, but it is well established that glucocorticoids participate in the control of an inflammatory response by providing negative feedback on the production of various cytokines, such as IL-1, IL-6 and TNF-α, which are important inducers of SAA production[@B35],[@B36] Our patient with amyloidosis was on glucocorticoids, and thus, there is a possibility that the suppression of inflammatory cytokines with glucocorticoids might also suppress the synthesis of SAA.

In conclusion, we found a significant elevation of SAA levels in patients with AS as compared to controls, and a strong positive correlation between SAA level and AS disease activity. We also determined SAA to be a more sensitive laboratory marker than ESR or CRP. Therefore, we suggest that SAA can be used as a valuable indicator of disease activity in AS.

![Comparison of SAA levels between patients with AS and controls. The mean SAA level of patients with AS was significantly higher than that of controls (9.52 ± 7.49 mg/L versus 2.73 ± 1.57 mg/L, *p* \< 0.05). The horizontal bar represents the mean SAA value of each group.](ymj-48-218-g001){#F1}

![Correlation of SAA levels with BASDAI scores, ESR and CRP levels, and the correlation between ESR and CRP levels in patients with AS. (A) SAA levels correlated well with BASDAI scores (r = 0.431, *p* = 0.007). (B) SAA levels correlated well with ESR (r = 0.521, *p* = 0.001). (C) SAA levels correlated well with CRP levels (r = 0.648, *p* \< 0.001). (D) ESR correlated well with CRP levels (r = 0.703, *p* \< 0.001).](ymj-48-218-g002){#F2}

![Correlation of SAA levels with BASDAI scores in patients with a normal ESR and CRP levels. A. SAA levels showed a trend of positive correlation with BASDAI scores in patients with a normal ESR (r = 0.460, *p* = 0.073). B. SAA levels showed a trend of positive correlation with BASDAI scores in patients with normal CRP levels (r = 0.486, *p* = 0.185).](ymj-48-218-g003){#F3}
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NSAID, non-steroidal anti-inflammatory drug; NS, not significant.
